Introduction: Camptocormia (severe bending of the spine) is a debilitating complication of Parkinson's disease (PD) without established treatment. Botulinum toxin (BT) may be beneficial, but data is scarce regarding the efficacy of administration of BT into the bilateral external oblique (EO) muscle for treatment of camptocormia in PD. Methods: Six patients with PD and camptocormia, with flexion of the thoracic spine, were enrolled in the study. BT (75 or 90 units, onabotulinum toxin A) were injected into each EO bilaterally under sonographic guidance. Camptocormia angle (CA) was defined as the angle between the acromion-greater trochanter line and a vertical line. CA and disabling symptoms were evaluated during the treatment course. Results: Two weeks after the injection of BT, the mean CA showed significant attenuation [median (interquartile range); 38°(23.5°) vs. 18°( 21°), p = 0.028]. Subjective relief was present in
INTRODUCTION
Camptocormia is often associated with Parkinson's disease (PD) and is indicated by excessive spinal anteflexion, with exacerbation of symptoms when the patient is in an upright position and amelioration when in a recumbent position [1] . Long duration of PD, vertebral surgery, and dopamine agonists are representative cumulative factors leading to camptocormia [2] . The mechanisms of camptocormia are hypothesized to be dystonia, paravertebral myopathy, and disturbance of vertical perception; however, this has not been clarified [3] . Camptocormia is often refractory to treatment, including medication, physical therapy, and surgery [3, 4] .
As a treatment for camptocormia, local injection of botulinum toxin (BT) was first reported in 2005 in patients with parkinsonism and/or dystonia [5] . In the report, a single injection into the rectus abdominis (RA) muscle was effective for approximately 3 months. Following studies examined the efficacy of BT into the RA and iliopsoas muscles for camptocormia in PD; however, they failed to show significant improvement [6] [7] [8] . Using intramuscular injection of lidocaine, the external oblique (EO) muscle was first reported in 2012 as a therapeutic target for camptocormia in PD when the flexion point of the spine was between the lower thoracic and the upper lumbar level [9] . The same authors later showed that repeated lidocaine injection into the EO maintained improvement of camptocormia over 90 days of observation [10] , and hyperactivity of the EO when tilting up could contribute to camptocormia by a dystonic mechanism [11] . In 2014, the first case of BT injection into unilateral EO and RA was reported [12] . In this report, a patient with PD received an injection of 200 units of onabotulinum toxin A into the right RA and left EO due to past excision of the left RA. The painful abdominal contraction, which was considered dystonia because of palpable abdominal contraction and hyperactivity in needle electromyography (nEMG), was ameliorated, as was the angle of camptocormia. Repeated injection of BT at intervals of 3-4 months successfully maintained the amelioration for 1 year or more. Apart from these reports, we found no published evidence of local injection into the EO for camptocormia in PD. Therefore, in this study we evaluated the therapeutic efficacy of BT injection into the bilateral EO muscle for camptocormia in multiple cases.
The aim of this study is an exploratory examination whether BT can attenuate the angle of camptocormia and disabling symptoms which are originated from camptocormia, and if any, whether clinical backgrounds (e.g. spinal degeneration) affect to the efficacy of BT.
METHODS
Six patients with PD and camptocormia (four females and two males, 54-79 years old, 134-170 cm in height, 37.8-59.2 kg in weight) were enrolled in this prospective cohort study from June 2016 to February 2018. This study was approved by the local ethics committee of Hyogo-Chuo National Hospital and the patients provided written informed consent. This trial was registered in the Japan Medical Association Center for Clinical Trials Clinical Trial Registry (ID: JMA-IIA00371). Inclusion criteria were: meeting the UK Brain Bank criteria of PD [13] , presence of debilitating symptoms or difficulty due to camptocormia, exacerbation of camptocormia in an upright position with amelioration in a recumbent position, and the flexion point in thoracic vertebrae. Exclusion criteria were: a family history of parkinsonism, presence of cognitive dysfunction (Mini-Mental State Examination score B 25), overlap of latero-or retro-flexion of the spine, and exhibiting diurnal or on/off fluctuation of camptocormia.
Camptocormia angle (CA) was defined as the angle between a vertical line and the line connecting the acromion with the greater trochanter, as defined in a prior study [2] . CA was evaluated in the lateral view on digital photographs taken at a distance of 2 m and a height of 1 m, without any effort by the patients to correct their posture. We did not exclude patients with spinal lesions if the flexion angle of the spinal deformity was clearly milder than the observed CA. When the patient had painful abdominal contraction, the severity of the pain was evaluated using the visual analog scale (VAS) for painful abdominal contraction (range 0-100; 100 points being the worst) [14] . Objective stiffness of abdominal muscles [5, 12] was defined in this study as pathological contraction of abdominal muscles (including EO and RA) at inspection and/or palpation in a relaxed spine position. Muscle hyperactivity (MH) in nEMG of abdominal muscles [12] was defined here as the presence of pathological involuntary discharges in a relaxed spine position. Tilttable EMG [11] was not available in our institution and thus, was not used.
Onabotulinum toxin-A (Botox Ò ; Allergan Plc, Dublin, Ireland) was injected into the bilateral EO muscle at a symmetrical dose under sonographic guidance. The injection site in each EO was the intersection point of the anterior axillary line and the transverse line through the umbilicus; therefore, each patient received two injections as a single treatment. Seventy-five (case 1) or 90 (cases 2-6) units of BT were injected into each EO (i.e. 150 or 180 units per patient) at a concentration of 100 units BT per 4 mL normal saline, since this dilution was our practice for the injection into large or wide muscles to gain widespread diffusion of BT. Using a previous report on cervical dystonia to help determine dosage, we limited the first dose to less than 180 units per patient [14] . Case 1 received a smaller dose of BT than the others because they were the first to receive BT in the EO in our institution.
For statistical analysis, Shapiro-Wilk testing was used to examine the normality of data distribution, and when the normality was not confirmed, the Wilcoxon signed-rank test was used to compare CA before and 2 weeks after the dose of BT by using analytic software, ExcelToukei Version 2018 (SSRI Co. Ltd., Tokyo, Japan). A p value \ 0.05 obtained in a two-tailed test was considered as statistically significant. Long-term effects were sustained using maintenance doses of 100 units (case 1) or 120 units (cases 2-6) per EO, plus 30% of the original dose, in adequate intervals for each patient when the efficacy of BT had worn off. Antiparkinsonian medications were not changed during the observation period. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
RESULTS
The profiles of the patients are shown in Table 1 . The exacerbating factor of camptocormia was forward bending for the housework in case 2, and spinal compressive fracture or surgery in other cases. The most disabling symptoms relevant to camptocormia were painful abdominal contractions in cases 1 and 2, dysbasia in case 3, and difficulty in facing upward in cases 4-6. Except case 2, who had comorbid blepharospasm, none of the enrolled patients had dystonia or dystonia-associated pathologies other than camptocormia. Antiparkinsonian medications, including dopamine agonists (daily dose of pramipexole, 1.125 mg in case 2 and 1.5 mg in case 4 and 6; rotigotine, 27 mg in case 1 and 4.5 mg in case 3), were not changed during the observation in this study. Antiparkinsonian medications in the patients were unlikely to have induced or exacerbated camptocormia in daily examinations. The flexion point was medium (fifth-eighth) thoracic vertebrae in cases 1 and 5 and lower (ninth-twelth) thoracic vertebrae in the remaining cases. Objective stiffness of EO and RA and MH and/or continuous repetitive discharge (CRD) in nEMG were present in all cases; however, only cases 1 and 2 claimed pain due to abdominal contraction. CRD in EO has not been documented in any previous published reports. The patients had variable severity of spinal pathologies, and the deformity of the spine was severe in cases 4 and 6, featured by lumbar herniation and lumbar canal stenosis. Atrophy of the paraspinal muscle in computed tomography was mild (i.e. can be explained by normal aging) in cases 1, 2, and 6 and moderate (i.e. considered as pathologic, but a certain amount of the muscle was remaining) in cases 3-5. No adverse events were observed with the injection of BT. The efficacy of BT was noted, by subjective claim and/or objective inspection, 7-10 days after the injection. Two weeks after injection, CA was attenuated in all the six cases, as shown in Table 1 . The normality of the distribution of CA was not confirmed as significant (p [ 0.05). The median (interquartile range) of CA showed significant attenuation [38°(23.5°) vs. 18°(21°), p = 0.028], comparing before and 2 weeks after the botulinum injection. Camptocormia-related symptoms were subjectively relieved in cases 1-3 and 6; however, cases 4 and 5 did not perceive the amelioration, hence cases 4 and 5 rejected the maintenance doses of BT. Patient 6 also declined the maintenance dose because he needed to care for his wife. The VAS of painful abdominal contraction in cases 1 and 2 improved from 84 and 98 to 4 and 77, 
DISCUSSION
We observed attenuation of CA in six patients with PD who suffered from thoracic-level camptocormia, when comparing before treatment and 2 weeks after the botulinum injection into bilateral EO. Although the number of patients is small, this report is the first to show efficacy of BT in bilateral EO with statistically significant improvement in the angle of camptocormia; however, there are several limitations and points for discussion. Due to the study design of an open-label and non-blinded trial, the possibility of a placebo effect cannot be eliminated. However, the latency from the injection of BT to the emergence of efficacy (7-10 days) and duration of efficacy (2--3 months) was considered to be the effect of BT because this treatment effect curve is also generally observed with botulinum therapy [15, 16] . In a previous report using lidocaine, consecutive injections were performed every 4-5 days due to the shortness of drug action (the effect of a single dose lasted for several days), to obtain efficacy in 90 days [10] . Both the previous report of BT into unilateral EO [12] and our results show that a single injection of BT had therapeutic efficacy for several months; however, a direct comparison between BT and lidocaine is needed for conclusive evidence of a difference in their effectiveness.
We used doses of 75-90 units per single EO, i.e. 150-180 units per patient, of onabotulinum toxin A as the initial dose, for the safety of our light-weight patients. Considering the doses of onabotulinum toxin A used in previous studies of 300-600 units per patient [5] and 200 units in unilateral EO [12] , our doses may have been insufficient. However, given that the escalation of doses in the maintenance injections did not lead to further amelioration, our doses may have reached supramaximal levels. We selected a relatively low concentration of BT to obtain a broad spread because of the width of EO; however, actual spread of BT is difficult to determine and varies between individuals [15, 16] . In addition, more exploration is needed to determine the optimal site of injection in the EO, and the best method of evaluating the CA.
Considering the individual variability in the therapeutic efficacy of BT, the fact that cases 4 and 6 had severe spinal degeneration and very limited efficacy for BT suggests that modification only in dystonia of the EO muscle is suboptimal to attenuate camptocormia comprehensively. As suggested in a previous report of surgical intervention for camptocormia, poor quality of the spine can limit the therapeutic effect [4] . Moreover, the maximal effect of BT in case 3 could not be maintained due to re-exacerbation of symptoms due to falls. Therefore, to modify exacerbating factors of camptocormia it may be necessary to provide long-term treatment. In terms of subjective relief of symptoms, cases 4 and 5 did not perceive the attenuation of the CA; therefore, CA alone may be an insufficient marker to evaluate amelioration of camptocormia. As case 3 achieved the ability to walk faster and with a larger stride, similar to a recent report that showed a relationship between camptocormia and gait [17] , marginal symptoms/signs associated with camptocormia (i.e. painful contraction of abdominal muscles in cases 1 and 2, and dysbasia in case 3) might need intensive examination for the correct evaluation of therapeutic efficacy. We expected objective stiffness of abdominal muscles, MH and/or CRD to act as biomarkers of camptocormia; however, this was not the case. We speculate that the cause of CRD is secondary muscle injury from excessive contraction due to dystonia, although CRD is a nonspecific sign of injury in motor neurons or muscles [18] . Other limitations of this study are heterogeneity in the duration of PD, in the severity of CA, in the exacerbating factors of camptocormia and other backgrounds of patients, the coexistence of spinal degeneration, dropout of cases 4-6 to examine the long-term effect of BT, and a smaller dose of BT in case 1 than the others.
Limitations are small sample size, open-label and non-blinded trial, heterogeneity of the backgrounds of patients, unexamined validity of the maneuver of botulinum injection (i.e. the injection site and dilution), not thorough evaluation of walking ability, and dropout of three patients in the long term.
CONCLUSIONS
To conclude, BT into the bilateral EO muscle attenuated the angle of thoracic-level camptocormia in six patients with PD over the observation period of 2 weeks. The reproducibility of results, long-term efficacy, and subjective relief of symptoms requires further examination.
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